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Abstract

Barberry (Berberis spp.) is considered beneficial in the treatment of metabolic abnormalities. Tiny barberries with unique
taste and flavor make them ideal for the food industry. This study investigated the morphological, nutritional, and bio-
chemical traits of 12 Berberis genotypes. Non-metric multidimensional scaling (NMDS) and principal component analysis
(PCA) were used to classify the genotypes. Based on the results, genotypes #8-3 and #2-2 showed the highest length
and width of berries, respectively. Pulp percentages ranged from 51.93 to 98.5%. The lowest fresh and dried weights of
100 berries were found in #11-1 and seedless, respectively. The highest levels of ascorbic acid and protein contents were
obtained in #14-2. The potential genotype for total soluble sugar (TSS) was seedless (59.61%). Genotype #10-1 showed
the fiber content and average nutritive value (ANV) with the highest levels of Fe and Ca. Genotype #5-1 showed the max-
imum amounts of total phenolic compound (TPC), while the highest levels of total flavonoid compound (TFC) and total
monomeric anthocyanin content (TMAC) were related to #14-2. Consequently, the ICso value of #14-2 was significantly
lower than the other genotypes. Genotype #14-2 with a unique black color and a bluish wax showed 29.44,2.31, and -3.23
lightness (L*), greenness [—] to redness [+] (a*), and blueness [—] to yellowness [+] (b*), respectively. In terms of TPC, the
results of the NMDS ordination showed the separation of #12-1, while the TFC and TMAC results showed the separation
of #14-2. The stress values were low, which indicated the high goodness of fit of the ordination distances to the observed
distances.
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Introduction

The authors Mahsa Khodabandeh and Ahmad Balandari
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auty P Barberry (Berberis L.) belongs to the Berberidaceae family

(Pinar et al. 2021). This family contains 14 genera and ap-
proximately 700 species that are found in Asia, Europe, and
America (Christenhusz and Byng 2016). The co-existence
of different evergreen, semi-evergreen, and deciduous bar-
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berries leads to an exceptionally complex vegetation col-
lection in Iran. Commonly, barberry shrubs are 1-3m in
length, with yellow wood and diverse fruit colors (Sarraf
et al. 2019).

The well-known seedless cultivar is mostly red and wild
seeded could be found in crimson, purple, wine red, orange,
and black. Some of the species are covered with a thin
waxy layer, which gives them an opaque appearance or
a bluish hue in black types. The seeded and seedless bar-
berries also have different flavors. The seedless barberry
has a mildly sour taste, while the wild types have differ-
ent tastes like the astringent or citrus-like tastes (Alemar-
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dan et al. 2013). In traditional medicine, Berberis vulgaris
has been widely used for treating diarrhea, gastroenteritis,
and kidney stones. Several pharmacological studies showed
that the different parts of this plant have numerous thera-
peutic effects in treatment of various diseases, including
metabolic syndromes (e.g. type II diabetes mellitus, obe-
sity, hypertension, and dyslipidemia), and polycystic ovar-
ian syndrome. The antioxidant, antimicrobial, mutagenic,
anti-leishmaniasis, anti-inflammatory, anti-cancer, and anti-
cholinergic properties of barberry are those the most stud-
ied in various clinical trials (Imenshahidi and Hosseinzadeh
2019; Nakamura et al. 2003). The fruits have many other
folk applications including protection against colitis, treat-
ment of seizures, epilepsy, and high blood pressure. Indians
used barberry fruit as an appetite tonic and gargle (Fatehi
et al. 2005; Kulkarni and Dhir 2008).

Since Iran is one of the greatest plant diversity centers
of barberry, the organized collection of the Middle East has
been established in Mashhad, Razavi-Khorasan province,
Iran. Variation among species, genotypes, and environmen-
tal/geographical factors result in the content of the sec-
ondary metabolites in different barberries, which should
be taken into consideration when applying these plants as
therapeutic and food products (Farhadi et al. 2020). Many
scientists in Iran are currently exploring the phytochem-
ical contents of various parts of barberry (Mokhber-Dez-
fuli et al. 2014). However, there is no report in the liter-
ature to visualize differences in secondary metabolite pro-
files among the genotypes. For this purpose, we used the
mathematical model for analyzing phytochemical turnover
among different genotypes. Non-metric multidimensional
scaling (NMDS) is a robust multivariate ordination method
that computes the two-dimensional locus for each individ-
ual variable (Wang et al. 2013). This could also be detected
by principal component analysis (PCA) (with normaliza-
tion), but NMDS is crisper than PCA. The NMDS algorithm
works on the binary relations among the objects. This cer-
tain linear method could provide sensible results with less
computational effort (Mohammadi et al. 2021; Taguchi and
Oono 2005).

The current study presents: (i) morphological traits;
(i1) nutritional traits including ascorbic acid content, to-
tal protein content, dietary fiber content, total soluble
sugar (TSS), element content, and average nutritive value
(ANV); (iii) biochemical traits including total phenolic
compound (TPC), total flavonoid compound (TFC), to-
tal monomeric anthocyanin content (TMAC), antioxidant
assay (2, 2-diphenyl-1-picrylhydrazyl [DPPH] and ferric
reducing antioxidant power [FRAP]), and color determina-
tion of 12 barberry genotypes from Iran; (iv) classification
of the selected genotypes by multivariate analysis.
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Materials and Methods
Plant Materials

The fruit clusters and shrubs of the 12 barberry geno-
types were collected from South-Khorasan province, Iran
(Fig. 1). Selection criteria for barberry genotypes were us-
ability based on shape, size, and color. The ripe fruits of 17-
year-old shrubs were hand harvested randomly from four di-
rections of each shrub. In order to determine the variations,
the fruits were categorized as fresh and air dried, then they
stored at 4 °C until further analyses. The soil features and
climate conditions of the collection zones are presented in
Tables 1 and 2, respectively.

14-1

Fig. 1 Fruit clusters and shrubs of the evaluated barberry genotypes
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Table 1 Soil parameters of the collection zones

Parameter Sample depth (cm)

0-30 30-60
Sand (%) 52.00 64.00
Silt (%) 34.00 24.00
Clay (%) 14.00 12.00
pH 8.02 7.87
EC (ds/m) 1.95 1.30
SP (%) 31.70 29.71
TNV (%) 12.32 11.20
N (%) 0.051 0.02
P (mg/kg) 14.60 11.20
K (mg/kg) 270.00 135.00
OC (%) 0.56 0.28

EC electrical conductivity, SP saturation percent, TNV total neutraliz-
ing value, OC organic carbon

Table2 Climate parameters of the collection zones

Parameter Value
Climate Semi-arid
International Civil Aviation Organization code 40745
Longitude (E) 59°22/
Latitude (N) 32°87
Elevation (meters above mean sea level) (MAMSL) 999.20
Average annual minimum temperature (°C) 7.10
Average annual maximum temperature (°C) 21.10
Average annual temperature (°C) 14.00
Average annual vapor pressure 8.27
Average annual relative humidity (%) 55
Average annual precipitation (mm) 257.43
Dominant wind direction West to East
Total annual sunshine duration (h) 2500

Morphological Analysis

To determine the cluster morphological traits, 10 clusters
were randomly selected from each replication. The length
and width of the berry, percent of pulp, numbers of non-
aborted and aborted seeds, as well as the fresh and dried
weights of 100-berrry samples were determined. In order
to determine the percentage of fruit moisture, the samples
were incubated at 75 °C for 48h. They were then weighed
and compared with their pre-incubation weights in the case
of weight loss; heating was repeated until the weight was
fixed. Moisture (%) was determined according to Eq. 1
(Rahmati et al. 2018):
wi1l-w2

Moisture (%) = —wi x 100 (1)

o Wi1: Initial weight
o W2: Final weight

Nutritional Analysis
Ascorbic Acid Content

In order to measure the ascorbic acid, dried fruits were
incubated in an oven at 35°C for 24h. Then, 100mg of
each sample was weighed in a plastic tube, and then SmL
of 5% meta-phosphoric acid was added. The samples were
shaken and extracted in an Elma® (Germany) ultrasonic
bath (30kHz, 25 min, and 30°C) (Aminifard et al. 2012b).
After this time, the samples were centrifuged at 6000 rpm
for 10min. The supernatant was transferred to a clear
high performance liquid chromatography (HPLC) vial and
20uL was used for injection. Chromatograms were ob-
tained via a Knauer® HPLC equipped with a smart line®
pump (model 1000) and a smart line® UV detector (model
2500) at 235nm. The column was a VDS optilab® C18
(250x 4.6 mm). The mobile phase (in isocratic elution) was
composed of 525mL of solution A and 375mL of solu-
tion B. (solution A: 20mL glacial acetic acid was added
to 0.96¢g sodium 1-pentanesulphonate; solution B: 20mL
glacial acetic acid was added to sodium 1-heptanesulfonate;
the volume of both solutions was expanded to 1L by adding
methanol 25%) (Taghizadeh et al. 2021b). L-Ascorbic acid
(HPLC grade) was used as standard. The standard was
injected via an auto sampler connected to the HPLC sys-
tem and chromatograms were recorded. Finally, calibration
curves were separately constructed by plotting the mean
area under the curve against the relevant concentration. The
calibration curve was plotted by calculating the ratio of the
peak area of standard to the peak area of internal standard
against the relevant concentration (Ponder and Hallmann
2020; Taghizadeh et al. 2020a).

Total Protein Content

Total protein content was determined using the slightly
modified method that was earlier described by Chalé et al.
(2014). Briefly, 1.0kg of each sample was extracted using
3% sodium bisulfite (1:10 [w:v] ratio, pH 8) for 1 h. In order
to separate the fiber solids from the starch-containing liquid
portion and protein, the extract was passed through a 0.17-
mm mesh size sieve. The residual solids were washed by
3% sodium bisulfite. In order to separate the starch and
solubilized protein, the final digested sample was left for
30min. Then, 1.0M HCI was used for adjusting the last pH
to 4.2. The suspension was assayed through centrifugation
(1317 g) and then freeze-dried at —40°C for 15min (Chalé
et al. 2014; Taghizadeh et al. 2020d).
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Dietary Fiber Content

Dietary fiber was mostly quantified as crude fiber accord-
ing to the Association of Official Agricultural Chemists
2011.25 method. The samples were crushed through a 0.5-
mm sieve. Then, 1g of sample was weighed in an incu-
bation bottle. In order to remove the starch, pancreatico.-
amylase amyloglucosidase (AMG) was added to each bot-
tle, and the bottles were then incubated in a water bath
(37°C, for 16h). The enzyme protease was also added to re-
move proteins (60 °C, for 30 min). Water-soluble/insoluble
polysaccharides and oligosaccharides were analyzed as sep-
arate fractions (Samadi et al. 2020). The hydrolyzed sam-
ple was filtered. Water-soluble/insoluble polysaccharides
were separated, dried, and weighed. The oligosaccharide
was hydrolyzed by AMG and analyzed by HPLC after
deionization. Sorbitol was used as an internal standard for
oligosaccharide analysis. The total dietary fiber amount
consisted of water-soluble/insoluble polysaccharides and
oligosaccharide. The dietary fiber contents were calculated
in fresh weight (grams/100g) and therefore corrected by
moisture. Dried weights were only used for statistical treat-
ment (Pastell et al. 2019).

TSS

TSS was determined according to Koodkaew (2019).
A fresh 1-g sample was extracted with 10mL of dis-
tilled water and then centrifuged at 5000rpm for 10min.
Then, 0.5 mL of the supernatant (sugar solution) was added
to 5% phenol (0.5mL) and H,SO4 (2.5mL). The mixture
was incubated for 10min and then shaken and kept in
a water bath (30°C, for 20min). The absorbance was read
at 490nm. Glucose was used as the standard for plotting
the calibration (Koodkaew 2019).

Element Content

The microwave digestion system (Milestone Ethos Mi-
crosynth Oven, Germany) was used for digestion of the
nutritive elements (Ca, Fe, Mg, Cu, and Zn). The samples
were homogenized with 10 W intervals and 1000 W maxi-
mum power. Digestion conditions are reported in Table 3
(Taghizadeh et al. 2021a). Inductively coupled plasma-opti-
cal emission spectrometry (ICP-OES) (SPECTRO ARCOS,
Germany) was used for simultaneous multi-element detec-

tion with Torch type of Flared end EOP Torch 2.5mm.
The plasma power was 1.2kW, the argon flow rate was
15.0L/min with an auxiliary flow of 1.50L/min, the read
time was 60s, and the nebulizer pressure was 250kPa.
Operating optimal parameters were: radio-frequency gen-
erator (1400 W). Sample uptake time, rinse time, and initial
stabilization time were 240 total, 455, and pre-flush 45s,
respectively. Both delay time and time between replicate
analyses were zero. Type of detector solid state and spray
chamber was CCD, cyclonic, and modified lichte, respec-
tively. Prewash pump speed was 60rpm (for 15s) and
30rpm (for 30s). The prewash time was 45s; at the end,
sample injection pump speed was 30rpm. The extraction
procedure was performed as follows: 10g of each sample
was digested using 60 mL of HNO; and 20mL of concen-
trated H,O» (30%) by using microwave digestion system
for 25min, and then diluted to 100mL using 2% HNO:s.
Blank preparation was done in the same way. Finally, clear
liquid samples were analyzed by ICP-OES (Taghizadeh
et al. 2020b). For the quantitative analysis of metals in
samples, multi-element (Ca, Fe, Mg, Cu, and Zn) standard
solution at 1000mg/L, was prepared for plotting calibra-
tion curves. Stock solution was diluted with 0.2% HNO;
solution. For recovery determination, spiked samples were
prepared in triplicates and then treated according to the
procedure described in sample preparation. The recover-
ies were calculated using the spiked calibration curves
(Taghizadeh et al. 2020c).

ANV

The ANV index depended on the type and amount of the
main components in the matrix. In order to compare the
genotypes, ANV was calculated by Eq. 2 (Natto et al. 2022).

Ca (mg) N Fe (mg) N Protein (g)
IQO . 100 5 )
N Vitamin C (mg)
40
Biochemical Analysis

ANV =

+ Dietaryfiber (g)

TPC

TPC was determined using the Folin-Ciocalteau reagent.
The extract (100uL) and Folin-Ciocalteau reagent (0.5 mL)
were mixed and diluted with distilled water (10 times).

Table 3 Operating program

: . . Phase Initial temperature (°C) Final temperature (°C) Time (min) Power (W)
used for microwave digestion
1 25 90 5 700
2 90 90 3 600
3 90 170 10 600
4 170 170 7 600
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Then, 7mL of distilled water was added and kept at
room temperature for Smin. In addition, 1.5mL of the
sodium bicarbonate solution (60mg/mL) was mixed. The
solution was then incubated in a dark place for 2h. The
absorbance was read at 725nm against the blank by UV-
visible spectrophotometer (Cecil, UK). The calibration
curve was plotted using a standard solution of gallic acid
(GAE) (0.2-1mg/mL). Results were expressed as mil-
ligrams GAE/100g dried extract (DE) (Taghizadeh et al.
2018).

TFC

TFC content was measured via the colorimetric assay.
Briefly, SmL of aluminium trichloride (AICl;) (2%) was
mixed with 0.5mg/mL of the extract. The absorbance was
read at 367 nm. TFC was expressed as milligrams quercetin
(QUE)/100g DE (Rahmati et al. 2015; Yaman 2021).

TMAC

In order to determine the TMAC content, 1.0mL potas-
sium chloride solution (0.2mol/L) (pH=1.0) and 1.0mL
sodium acetate buffer (1 mol/L) (pH=4.5) were added to
2.0mL of extracts. The absorbance was then measured at
517 and 700 nm. In order to calculate the sample absorbance
as well as TMAC content, the following equations were
used. The result was expressed as milligrams cyanidin-3-
glucoside (cy-3-glu)/100g DE (Eq. 3 and 4) (Yaman 2022;
Yang et al. 2012; Zarei et al. 2011).

Sample absorbance =Absorbanceat517Tnm
— Absorbance at700nm ©)
TMAC content(mg/g) =
A “)

eL x MW x 1000 x Dillution Factor

e A: Difference of sample absorbance between both pHs
(1.0 and 4.5)

e &: Molar extinction coefficient for cy-3-glu (26,900)

o MW: Molecular weight of cy-3-glu (449.2 g/mol)

Antioxidant Assay

DPPH To evaluate DPPH scavenging power of the fruit ex-
tracts, various volumes of the extract ranging from 0.2 to
4 mL (with 0.2-mL intervals) were added to the falcon tubes
(15mL). The final volumes were adjusted to 4 mL with dis-
tilled water. Then, 1 mL of 0.05mM methanolic DPPH was
added to the solution and stored in a dark place. The tubes
were vortexed and the mixture was left at room tempera-
ture for 1h. The absorbance was measured in 515nm and

the DPPH scavenging percentage was calculated (Amini-
fard et al. 2012a). The amount of the DE that is able to
scavenge 50% of the DPPH molecules was considered as
the half maximal inhibitory concentration (ICso). The inhi-
bition of the DPPH free radical was calculated using the
following equation (Taghizadeh et al. 2019):

Asample

DPPH ing effect (%) = 1-
scavenging effect (%) Ablank

x 100 (5)

® A The absorbance of the control reaction (including
all reagents except the test sample).
® Aumpie: The absorbance of the test sample.

FRAP Two types of FRAP reagents were used: (i) FRAP
reagent (sodium acetate buffer, pH=3.6+ 10mM 2,4,6-Tris
[2-pyridyl]-s-triazine [TPTZ] solution + FeCl;.6H,O [10:1:1
v:v:v]), (i) Standard FRAP reagent (sodium acetate buffer,
pH=3.6+10mM TPTZ solution+ distilled water [10:1:1
v:v:v]). The first and second reagents were added to fruit
extract and standard solutions, respectively. The buffer in-
cluded 46.3 mL of acetic acid (0.2M) and 3.7 mL of sodium
acetate trihydrate (0.2 M), then it was diluted with distilled
water. TPTZ was dissolved in 40mM HCI on a magnetic
stirrer heater at 50°C and kept away from light. A total
of 20uL of the fruit extract was diluted with 980uL dis-
tilled water and 3mL of FRAP reagent. The mixture was
vortexed and incubated in a water bath (37 °C, for 30 min).
For the blank, 1 mL of distilled water was added to 3mL
standard FRAP reagent. The spectrophotometer was zeroed
using the blank and the sample was read at 593nm. An
aqueous solution of FeSO,.7 H,O (0-75uM) was used for
calibration curve (Taghizadeh et al. 2018).

Color Determination

For all the samples, two readings were taken on reverse
sides. Both external and internal color assays were per-
formed. The CIE Lab scale was used to determine the color
indices L*, a*, and b* via a colorimeter (Model Konica
Minolta Chroma Meters CR-410) (Crecente-Campo et al.
2012).

Statistical Analysis

Statistical analysis at the 5% level (p < 0.05) was carried out
by Minitab software version 16 using Tukey’s range test for
comparing means. All charts were drawn using Microsoft
(USA) Excel 2016. The NMDS and PCA were carried out
using SPSS version 16 IBM, USA).
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Table 4 Morphological traits of barberry genotypes

Genotype Berry length Berry width Pulp (%) Number of non- Number of 100-Berry 100-Berry
(mm) (mm) aborted seed aborted seed fresh weight dried weight
(2) (2)

Seedless 10.28¢ 6.41%¢ 97.37% 0.00° 3.27° 16.78¢ 3.32¢

2-2 9.87¢ 7.06* 98.17% 1.57% 1.37% 23.15% 6.532b¢

4-1 10.26° 6.00° 85.76° 1.57% 1.37% 21.58° 7.60*

5-1 7.934 5.33def 71.58° 1.47% 0.33% 11.68% 4.75%

5-2 9.72¢ 5.70%de 98.50* 0.03" 3.17° 14.26¢d 4,544

5-3 10.57b 6.03¢ 88.19% 1.17% 2.00° 21.85% 6.85*

8-3 11.72% 6.99% 90.27° 1.23% 1.53° 26.78* 7.82%

10-1 8.32¢ 4.74f 51.93¢ 1.73% 0.13% 11.50° 4.94¢de

11-1 7.66¢ 5.11¢f 74.08¢ 1.40? 0.77¢¢ 11.16° 4.049%

12-1 11.31% 6.01¢¢ 61.78¢ 1.70? 0.07¢ 21.01° 6.72%

13-1 10.66 6.164 86.84° 1.33% 1.70° 23.442> 7.04%

14-2 7.98¢ 5.72¢0de 67.66% 1.67% 0.00° 15.88¢ 5.100d

In each column, lowercase superscripts (a, b, ¢, etc.) express statistical variations among different genotypes (p < 0.05)

Table5 Nutritional traits of Genotype Ascorbic acid (mg/100g) Protein (%) Crude fiber (%) TSS (%)

barberry genotypes
Seedless 61.93° 3.412b¢ 10.04¢4 59.61*
2-2 22.03d° 3.683b¢ 10.53¢ 4.05¢
4-1 86.89* 3.12% 6.234 3.91°
5-1 25.20% 3.00%° 7.97¢ 5.34¢
5-2 6.35¢ 2.77° 9.23¢d 4.25¢
5-3 45.20b° 3.402b¢ 8.51¢d 25.67°
8-3 22.18d¢ 3.442b¢ 7.244 3.65¢
10-1 45.20b° 3.628b¢ 54.96* 2.77¢
11-1 21.16° 3.06> 7.40¢ 4.04¢
12-1 41.14¢d 4.112 20.20° 3.44¢
13-1 59.19b¢ 3.03% 8.33¢ 3.23¢
14-2 89.00* 4.26* 14.65% 3.79¢

In each column, lowercase superscripts (a, b, c, etc.) express statistical variations among different genotypes

(p=<0.05)
TSS total soluble sugar

Results
Morphological Traits

Significant morphological differences were observed among
the barberry genotypes (Table 4). Berry length ranged from
7.66mm (genotype #11-1) to 11.72mm (genotype #8-3).

£l
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Fig.2 Aborted seeds (left) and non-aborted seeds (right)
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Genotypes #2-2 and #10-1 exhibited the maximum and
minimum berry width (7.06 and 4.74 mm, respectively).
The pulp percentages were in the range of 51.93-98.5%
(Table 4). The lowest fresh and dried weights of 100
berries among all studied samples were found in genotypes
#11-1 (11.16g) and seedless (3.32 g), respectively (Table 4,
Fig. 2). Genotype #10-1 showed the highest non-aborted
seed number (1.73 seed/berry). The average number of
aborted seeds varied from zero in #14-2 to 3.27 in the
seedless genotype. In addition, genotype #5-2 had a high
value of aborted seeds (3.17) (Table 4).

Nutritional Traits
Results indicated that among the investigated genotypes,

#14-2 and #4-1 showed the highest levels of ascorbic acid
(89.00 and 86.89mg/100g DE, respectively). The lowest
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Table 6 Element contents of barberry genotypes

Genotype Ca (ppm) Cu (ppm) Fe (ppm) Mg (ppm) Zn (ppm) ANV
Seedless 654.98¢ 5.08b 116.60*¢ 324.13¢ 13.65% 18.76°
2-2 754.23¢ 4.22° 85.804 392.34¢ 11.58% 16.86°
4-1 668.41¢ 4.09¢ 81.01°¢ 316.84¢ 12.423b 13.75¢
5-1 1012.17¢ 5.05% 95.39d 452.23¢ 8.13b 14.99¢
5-2 1097.62¢ 4.23¢ 129.65%¢ 403.84¢ 12.26% 17.52¢
5-3 1000.48¢ 4.09¢ 96.85¢de 397.42¢ 9.80° 16.16¢
8-3 782.23¢ 4.20¢ 130.84% 395.27¢ 10.51% 15.80¢
10-1 3691.62% 4,82 138.49* 1426.39% 14.91% 67.43%
11-1 1033.43¢ 5.25° 96.56°4 463.55¢ 18.85% 14.40°
12-1 1770.48° 4.70% 96.16°4 887.56° 11.28% 28.63%
13-1 862.69¢ 4.30% 97.65° 346.96¢ 13.51% 16.16°
14-2 1107.25¢ 6.80% 131.98* 461.82¢ 16.822b 25.43b
In each column, lowercase superscripts (a, b, ¢, etc.) express statistical variations among different genotypes (p < 0.05)
ANV average nutritive value
Table 7 Biochemical traits of barberry genotypes
Genotype  Juice (%) Moisture (%)  TPC (mg/100g TFC (mg/100g TMAC (mg/100g 1Cs0 (mg) FRAP (uM
DE) DE) DE) Fe2*)
Seedless 71.16* 9.67%¢ 1273.228b¢ 492.56° 343.71¢ 44.98¢ 170.32%
2-2 70.46* 9.33abc 1274.007¢ 276.15%f 35.968 86.83%° 133.39%
4-1 54.77% 10.673b¢ 1386.72% 273.50°f 88.81°f2 76.843 109.29¢
5-1 56.43¢de 11.00%¢ 1482.61* 682.59" 371.94%¢ 30.90¢¢e 132.18%
5-2 64.38° 11.00%¢ 1225.723¢ 342.134f 98.02¢f 103.23% 136.69%
5-3 60.67% 8.67% 1342.76% 249.43f 123.05¢ 76.05° 136.01%
8-3 71.87% 11.33% 1266.432¢ 352.68F 105.10¢f 82.56% 129.86%
10-1 51.22¢ 10.332b¢ 1195.442be 415.92¢de 245.86¢ 16.744 157.86®
11-1 53.924¢ 11.33% 1200.433b¢ 652.31° 408.29% 38.72¢ 111.16%
12-1 64.07° 8.33¢ 756.30¢ 418.46%4 127.29¢ 22.69°d 72.20°
13-1 58.11¢ 11.008b¢ 1011.42b¢d 219.72f 52.681¢ 80.19% 118.37%¢
14-2 64.28" 12.00? 965.31¢¢ 837.53* 452.06* 4.68° 103.43

In each column, lowercase superscripts (a, b, ¢, etc.) express statistical variations among different genotypes (p < 0.05)
TPC total phenolic content, DE dried extract, TFC total flavonoid content, TMAC total monomeric anthocyanin content, ICso half maximal in-

hibitory concentration, FRAP ferric reducing antioxidant power

value was related to genotype #5-2 (6.35mg 100mg/100g
DE). Moreover, the highest amount of protein (4.26%) was
observed in #14-2, followed by genotypes #12-1 and #2-2
with 4.11% and 3.68%, respectively. Genotype #5-2 had the
lowest protein content (2.77%) (Table 5). As shown in Ta-
ble 5, the crude fiber content range was between 6.23% and
54.96% in genotypes #4-1 and #10-1, respectively. Also,
12 genotypes showed significant differences in terms of
TSS percent. The potential genotypes for TSS were seed-
less (59.61%) and #5-1 (25.67%), respectively (Table 5).
Element contents are given in Table 6. Significant differ-
ences between mean values of nutritive elements were de-
termined. Genotype #10-1 showed the most ANV value
(67.43) with the highest levels of Fe (138.49 ppm) and Ca
(3691.62 ppm) (Table 6).

Biochemical Traits

The percentage of fruit juice ranged from 51.22% (#10-1)
to 71.87% (#8-3), and the moisture content ranged from
8.33-12%. As shown in Table 7, genotype #5-1 showed the
highest amount of TPC (1482.61 mg GAE/100g DE). The
TFC level also ranged from 219.72-837.53mg QUE/100 g
DE. Moreover, the highest level of TMAC was related to
genotype #14-2 (452.06 mg cy-3-glu/100g DE). The ICs
value of the #14-2 (4.68ug/mL) was significantly lower
than other genotypes (Table 7). The analytical performance
for plotting the calibration curve in the FRAP assay is
shown in Table 8. In this assay, the seedless genotype devel-
oped the bluest color which was detectable through spec-
trophotometry and showed the highest antioxidant activity
by 170.32 uM Fe2*, whereas the genotype #12-1 showed the
lowest antioxidant activity (72.20uM Fe2+). Accordingly,

@ Springer



M. Khodabandeh et al.

Table 8 Analytical performance for plotting the calibration curve in the FRAP assay

Concentrations (WM)

Standard ingredients 0 (Blank) 3.75 7.50 15.00 30.00 45.00 60.00 75.00

Distilled water (uL) 1000.00 985.00 970.00 940.00 880.00 820.00 760.00 700.00

Standard FRAP reagent (mL)  3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00

Standard solution (uL) 0.00 15.00 30.00 60.00 120.00 180.00 240.00 300.00

Table9 Color traits of barberry Genotype Color indices of fresh fruit Color indices of dried fruit

genotypes e " o o = o
Seedless 30.20% 30.62° 9.14¢d 28.87%¢ 15.76° 3.65¢
2-2 38.13% 35.70* 21.52% 31.42% 17.57% 7.71*
4-1 27.45b¢d 25.98°¢ 7.68° 26.97%¢ 16.10° 4.21%4
5-1 22.83¢° 16.78¢ 2.11f 28.94abe 7.97¢ 0.08°f
5-2 30.84% 27.56%¢ 9.53¢ 27.62%¢ 17.33% 5.21bcd
5-3 30.47b 26.95¢ 8.224¢ 27.14b¢ 17.28° 5.45b¢
8-3 41.29 37.76* 17.97° 29.58: 20.22* 6.87%
10-1 27.63b4 6.51¢ —-1.58¢ 29.57% 3.75¢ -0.72f¢
11-1 23.34de 19.294 2.74% 27.33b 10.28¢ 1.20°
12-1 26.71¢d 4.46°f —2.12¢h 26.37¢ 2.75¢ -0.58"
13-1 31.39° 24.93¢ 7.04¢ 28.55%¢ 17.91% 6.56%
14-2 29.44b¢ 2.31F -3.23h 31.30* 1.06¢ —2.34#

In each column, lowercase superscripts (a, b, c, etc.) express statistical variations among different genotypes

(p<0.05)

L* lightness, a* greenness [—] to redness [+], b* blueness [—] to yellowness [+]

antioxidant activity of the genotypes had a linear correlation
with their major constituents (Table 7).

Color Traits

Color indices of fresh and dried fruits are shown in Table 9.
In fresh and dried fruits, the L* values were in the range of
22.83-41.29 and 26.37-31.42, respectively; the a* values
varied from 2.31-37.76 and 1.06-20.22, respectively; b*
values ranged from —3.23 to 21.52 and -2.34 to 7.71, re-
spectively. Genotype #14-2 with a unique black color and
a bluish wax showed 29.44, 2.31, and —3.23 for L*, a*,
and b* color indices, respectively (Table 9).

NMDS and PCA

The NMDS computes the two-dimensional locus for each
individual variable including TPC, TFC, and TMAC. In
terms of TPC, the results of NMDS ordination showed
the separation of genotype #12-1 (Fig. 3). The TFC and
TMAC results showed the separation of genotype #14-2
(Figs. 4 and 5). Final coordinates of NMDS for 12 selected
barberry genotypes are presented in Table 10. The stress
values for TPC, TFC, and TMAC were low, which indicted
the high goodness of fit of the ordination distances to the
observed distances (Table 11). The other pattern was ob-
tained among the constructed dendrogram for cluster anal-
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Fig.3 Non-metric multidimensional scaling for total phenolic com-
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VAR9 genotype 11-1, VARIO genotype 12-1, VARII genotype 13-1,
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Fig.4 Non-metric multidimensional scaling for total flavonoid com-
pound of 12 selected barberry genotypes. VARI seedless, VAR2 geno-
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5-2, VARG genotype 5-3, VAR7 genotype 8-3, VARS genotype 10-1,
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Fig.5 Non-metric multidimensional scaling for total monomeric an-
thocyanin content of 12 selected barberry genotypes. VARI seed-
less, VAR2 genotype 2-2, VAR3 genotype 4-1, VAR4 genotype 5-1,
VARS genotype 5-2, VARG genotype 5-3, VAR7 genotype 8-3, VARS ge-
notype 10-1, VAR9 genotype 11-1, VARI0 genotype 12-1, VARI I geno-
type 13-1, VARI2 14-2

ysis and bidimensional biplots for PCA. As described in
Fig. 6, the dendrograms made it possible to separate dif-
ferent genotypes into the main groups, each representing
a distinct chemotype. Seedless and genotype #5-2 exhib-
ited a distinct separation compared with the other genotypes

(Group I). The second group (II) comprised two genotypes
(#2-2 and #8-3). Group III was made up of three genotypes
including #4-1, #13-1, and #5-3. Genotypes #5-1, #11-1,
and #14-2 were classified in group VI, as well as genotypes
#10-1, #12-1 were regarded in group V (Fig. 6).

The correlation coefficient between the two variables
showed the intensity of the relationship between the
two variables (from +1 to —1). Lack of correlation was
not a reason for lack of relationship. Therefore, in some
cases where measuring an attribute was costly, complex,
time—consuming, and difficult, other attributes that have
high significant correlations with this attribute could be
used. Correlation coefficients between traits were mea-
sured in two separate groups (morphological-nutritional
traits and biochemical traits) in the studied genotypes,
which are given in Tables 12 and 13. Simple correlation
coefficients between traits showed that there was a sig-
nificant correlation between some of the measured traits
(Tables 12 and 13).

Discussion

In this study, we analyzed several morphological, nutri-
tional, and biochemical traits of 12 Berberis genotypes and
assessed their correlation based on mathematical models.
On the basis of our results, significant morphological, nu-
tritional, and biochemical differences were observed among
the barberry genotypes. Alizade et al. (2020) studied 15 dif-
ferent barberry genotypes from Iran. Their results showed
that the morphological traits were significantly different. In
this regard, #Shirvan 3 showed the highest amount of 100
berries DW (8.55g). In terms of the number of leaves per
cluster (18 leaves per cluster) and the length of fruit tail
(9.6 mm), Birjand seedless genotypes showed the highest
average value. Among their selected genotypes, #Golestan 5
showed the most length and diameter of fruits (11.97 mm
and 1.98 mm, respectively) (Alizade et al. 2020). The pre-
vious study reported that the variation among the fresh and
dried weights of barberry fruit could depend on the geno-
type and environmental conditions (Zarei et al. 2010). Ac-
cording to the findings of a study on barberry samples in
Iran, different genotypes were expected to represent differ-
ent fresh and dried weights of 100 berry fruits (3.69 and
1.46 g, respectively) (Khayyat et al. 2018). Yildiz et al. re-
ported that one-berry weight of B. vulgaris ranged from
0.08-0.36 g (Yildiz et al. 2014). Fruit set and seed set are
important factors in breeding programs. Obviously, seed-
less fruits are desirable for consumers. Ebadi et al. (2010)
reported that seedless barberry produced 20% seedy fruits
in pollination with wild barberries (Ebadi et al. 2010). Our
results confirmed the findings of the relevant study.
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Table 10 'Final c'ogrdina.tes of TPC TFC TMAC

non-metric multidimensional - - - - - -

scaling for 12 selected barberry Genotype Dimension Dimension Dimension

genotypes 1 1 2 1 2
Seedless —0.268 —0.048 0.208 0.113 0.657 —-0.066
2-2 -0.271 -0.047 -0.564 -0.044 -0.784 0.058
4-1 —-0.653 0.088 -0.573 —-0.047 —-0.540 0.004
5-1 -0.941 0.298 0.901 0.144 0.791 -0.059
5-2 -0.102 -0.086 -0.332 0.019 -0.497 -0.001
5-3 -0.507 0.026 -0.656 -0.076 —-0.380 -0.015
8-3 -0.244 -0.054 -0.294 0.028 -0.464 -0.006
10-1 —0.005 -0.107 —0.069 0.073 0.195 —-0.065
11-1 -0.013 -0.103 0.791 0.143 0.962 —-0.069
12-1 1.503 0.369 —0.060 0.075 —0.360 -0.018
13-1 0.662 -0.169 -0.757 -0.118 -0.707 0.036
14-2 0.828 -0.169 1.405 -0.308 1.127 0.201

TPC total phenolic content, T7FC total flavonoid content, TMAC total monomeric anthocyanin content

Fig.6 Average-linkage dendro-

gram of the barberry genotypes
resulting from the cluster analy- 19.70 1
sis
o 13.131
Q
c
8
n
(a]
6.57 1
0.00

Seedless 5-2 2-2

The seed percentage observed in the seedless genotype
(2.63%) was due to open pollination. In a previous study,
there was a strong negative correlation (r=-1) between
pulp and seed percentages. Moreover, this negative corre-
lation (r=-0.91) was obtained between the number of non-
aborted and aborted seeds. Parthenocarpy or stenospermo-
carpy might have increased the pulp percentage. The fruit
color could be an appropriate representative of its quality
and maturity state and might have affected consumer ac-
ceptability (Tural and Koca 2008; Yildiz et al. 2014).

Similar results were reported from Iran. The values
of L*, a*, and b* indices in B. vulgaris were 20.82, 34.84
and, 18.91, respectively (Ardestani et al. 2013). The other
reports also showed the various colors of barberry geno-
types (Akbulut et al. 2009; Yildiz et al. 2014). Genotype
#14-2, with a distinctive black color and a bluish wax, was
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similar to the “Late blue” blueberry cultivar (L*=26.16,
a*=-0.32, and b*=-3.88) (Saftner et al. 2008). This color
variety of barberry genotypes can provide an opportunity
for food industries as natural and safe food colors in dairy,
candies, jellies, and etc. Furthermore, barberry color is used
to dye natural silk (Pruthi et al. 2008).

Considering the use of fresh and dry barberry fruits,
fruit juice, and moisture index, are the other important
factors (Ardestani et al. 2013; Zarei et al. 2010). Differ-
ent types of consumption and processing are determined
by considering the content of fruit juice, while different
methods of packaging and storage are determined by the
moisture content of dried fruits. Juicy genotypes can be
used for fresh juice, while genotypes with less moisture
content can potentially be more useful for edible pow-
ders in yogurt and herbal tea (Wallace and Giusti 2008).
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Table 11 Goodness of fit of non-metric multidimensional scaling for
12 selected barberry genotypes

Output parameters Value

TPC TFC TMAC
Normalized raw stress 0.00076 0.00053 0.00032
Stress-1 0.02760*  0.02308¢  0.01781¢
Stress-11 0.04580*  0.03937¢  0.03064°
S-Stress 0.0245° 0.00105¢  0.00040f
Dispersion accounted for 0.99924 0.99947 0.99968
(D.AF)
Tucker’s coefficient of con- 0.99962 0.99973 0.99984
gruence

TPC Total phenolic content, TFC Total flavonoid content, TMAC Total
monomeric anthocyanin content

#Optimal scaling factor=1.001

%Optimal scaling factor=1.014

“Optimal scaling factor=1.001

dOptimal scaling factor=1.009

°Optimal scaling factor=1.000

fOptimal scaling factor= 1.003

Akbulut et al. (2009) determined the moisture of fresh
B. vulgaris (71.42%) (Akbulut et al. 2009). Based on our
results, the seedless genotype showed the same value.
Phenolic compounds are a crucial portion of the daily
human diet and are well known for their antioxidant prop-
erties (Fattahi et al. 2021). Gallic acid, p-coumaric acid,
chlorogenic acid, vanillic acid, caffeic acid, syringic acid,
trans-ferulic acid, sinapic acid, quercetin, rutin, apigenin,
and cinnamic acid are the main phenolic compounds of
barberry fruit (Eroglu et al. 2020; Gholizadeh-Moghadam
et al. 2019). Similar results were found in B. vulgaris,
where TPC ranged from 261.68 to 623.07mg GAE/100g
FW (Hassanpour and Alizadeh 2016). Eroglu et al. deter-
mined the TPC in wild B. vulgaris and B. crataegina (148
and 448.3ug GAE/100g DW, respectively) (Eroglu et al.
2020). In another study performed in Turkey, it was found
that TPC ranged from 3590-2532mg GAE/L (Yildiz et al.
2014). Ardestani et al. showed that TPC was 48,000 and
28,000mg GAE/100g DE in B. integerrima and B. vul-
garis, respectively (Ardestani et al. 2013). It is known
that genotype and environmental factors of various zones
affect the quality of the produced fruits (Ardestani et al.
2013; Chizzola et al. 2014; Yildiz et al. 2014). TFC is
one of the most abundant secondary metabolites in bar-
berry fruits. Hassanpour and Alizadeh (2016) reported the
range of 132.66-280.0mg catechin/100g FW for different
barberry genotypes (Hassanpour and Alizadeh 2016). The
previous study showed that the concentrations of flavonoid
and flavonol in B. vulgaris were 12.2 and 25.3mg/g, re-
spectively (Rahimi-Madiseh et al. 2017). A previous study
determined the levels of TMAC in blueberry extract (7g
monomeric anthocyanin/100g DW) (Jiménez-Aguilar et al.
2011). In another study, TMAC ranged from 16.32 to

Table 12 Correlation of morphological and nutritional traits
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Trait

Juice percentage

1

—0.148"™
0.148™
0.159"
0.214"
0.167™
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0.054"
0.594"¢

Moisture percentage

1

Pulp percentage

3

1

-1.000*
0.675%*
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0.408™
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0.005™
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Seed percentage

1
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0.546™

—0.675%*

Cluster length

5

1
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1
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seed

1

-0.916*
0.144"
0.561"™

0.433"
0.826*
0.385™

0.422"
0.811°%*

0.312"
0.195™
0.140"

0.506™
0.628"™
0.556™

—0.865*
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11 12 13

10

Trait

Table 13 Correlation of biochemical traits
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TPC
TFC

1

-0.026™
0.099"
0.170™
0.313"™

1

0.940%*
0.918*

TMAC

3

1

0.791°%*

Ascorbic acid

1Cs0

1

—0.599" —0.550™

—0.581™

5

1

0.806*
0.764*
0.935%*
0.322"

-0.096™ —0.532" —0.576™ —0.334"
0.555™

0.430"
0.114"™

0.451™

L of fresh fruit

1

0.525"
0.742"
0.545™
0.501™

-0.574"

—0.460™

—0.563"

a of fresh fruit
b of fresh fruits

L of dried fruit

1

0.927*
0.022"
0.961*

—0.547"
0.381"

-0.566™

0.216"™

—0.590™
0.261"

8

1

0.242"
0.851*
0.910%*
0.062"

1

-0.103™
0.016"™
0.401"
0.280™

0.650%*
0.772%*

-0.570™ —0.632%*

—0.673%

a of dried fruit
b of dried fruit

pH

10
11
12
13

1
0.395™

0.955%*

0.918*
0.300"

0.683%*%*

0.292" —-0.775* —0.724%*  —0.685%*

0.169"™
0.029™

1

-0.507"
—0.766*

-0.167™
—0.457"

—-0.250™ —0.247" —0.222"
—0.481™

0.766*

-0.301™
0.809%*

—0.405"

-0.821*

—0.605"

—0.661™

0.674%*

TSS

ns Not significant, TPC total phenolic content, TFC total flavonoid content, TMAC total monomeric anthocyanin content, /Cso half maximal inhibitory concentration, L lightness, a greenness [-] to

redness [+], b blueness [—] to yellowness [+], 7SS total soluble sugar

#p<0.05, ¥p<0.01

91.66mg/100g FW for B. vulgaris and B. integerrima,
respectively (Hassanpour and Alizadeh 2016). Ardestani
et al. (2013) reported that the anthocyanin content of aque-
ous extracts of B. integerrima and B. vulgaris were 812.033
and 62.103 g/100 g DE, respectively (Ardestani et al. 2013).

Our results showed that genotype #10-1 with the lowest
pulp percentage had the highest concentration of Ca, Fe, and
Mg, while genotype #4-1 showed the lowest concentration
of Cu, Fe, and Mg. Genotype #14-2 had the highest level of
Cu. The seedless genotype showed the lowest concentration
of Ca. Our results were in accordance with those reported
by Akbulut et al. (2009). They showed that Ca, Cu, Fe, Mg,
and Zn levels of B. vulgaris were 2744.06, 4.75, 323.86,
1193.30, and 7.95 ppm, respectively (Akbulut et al. 2009).
Hanachi and Golkho (2009) showed that the level of ascor-
bic acid in B. vulgaris was 11,102.81 ug/100 g DW (Hanachi
and Golkho 2009). Akbulut et al. (2009) reported the crude
cellulose content of wild B. vulgaris (9.42%). In another
study, the crude fiber content for three barberry species in-
cluding B. calliobotrys, B. orthobotrys, and B. pseudumbel-
lata were 0.73, 0.78, and 0.94%, respectively (Awan et al.
2014). TSC, calculated in 14 barberry genotypes, ranged
from 15.40 to 18.11 g/100mL (Ersoy et al. 2018). Barberry
fruits are rich in certain organic acids and provide a good
source of taste and flavor (Ozgen et al. 2012). Accordingly,
several studies showed that organic acids including malic,
citric, and tartaric acids can cause desirable health effects
such as help maintain the immune system, prevent chronic
kidney diseases, and reduce the toxic effects of pollutants
(Penniston et al. 2007).

Based on antioxidant activity in the current DPPH
method, genotype #14-2 had the greatest antioxidant po-
tential. However, the seedless genotype showed the highest
antioxidant capacity at 170.32uM Fe?. Several studies
approved the positive correlation (r=0.62) between an-
tioxidant activity and phenol contents (Hassanpour and
Alizadeh 2016; Ruiz et al. 2010; Sellappan et al. 2002;
Tehranifar et al. 2010; Zarei et al. 2010). Barberry is rich
in certain nutrients and provides a good source for phar-
maceutical and food industries due to its high alkaloids
(berberine, berbamine, and palmatine), polyphenols, an-
thocyanins, flavonoids, caffeic acid, and chlorogenic acid.
Most of the biochemical compounds in barberry are easily
absorbed by the human body. The barberry fruit is also
a good source of fiber, fructose, glucose, minerals, and
vitamins (Sarraf et al. 2019).

Based on NMDS analysis, biochemical categories of the
compounds found in 12 barberry genotypes showed com-
ponent variation. In terms of TPC, the results of NMDS or-
dination showed the separation of genotype #12-1, whereas
the TFC and TMAC results showed the separation of geno-
type #14-2. The low stress values for biochemical compo-
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nents indicated the high goodness of fit of the ordination
distances to the observed distances.

Conclusion

In this work, morphological, nutritional, and biochemical
traits of 12 barberry genotypes were assessed. Moreover, the
barberry genotypes were classified by multivariate analysis.
NMDS results determined distinct groups of samples, corre-
sponding to TPC, TFC, and TMAC. Various environmental
conditions, agricultural practices, and genetic diversity dis-
played a notable role in biotechnology breeding programs.
It seems that variations among species with different en-
vironmental parameters considerably affect the level and
chemical composition of natural components in plants. To
optimize the pharmaceutical and food industry applications
of plants, the proper genotypes need to be introduced. It is
worth mentioning that seeds of different genotypes exhib-
ited diversity in size, shape, color, and micro-morphology,
which needs more investigation in the future.
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